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TRANS-GANADA ATR LINES VISCOUNT, CF-TCR,
FLAT ROCK, MIGHIGAN, JULY 2, 1956

The hecldent

A Trans-Canada Alr Lines Viscount, CF-TGR, lost No. 4
propeller and & vortlon of the forward vart of the No. 4 engine
about 1353,1/ July 9, 1956, while in £1light near Flat Reock,
Michigan, One propeller blade passed through the fuselage,
k11ling one gad injuring 5 of the 31 passengers. Of the crew,
one stewardess suffered 2 minor head injury. An emergency

landing was made at Windsor, Ontario, at 1402,

History of the Flisht
Trans-Capade Air ILines Flight 304 of July 9, 19546, was a

scheduled passenger flight between Chicago, Illinois, and
Montreal, Quebec, with intermediats stops 2% Toronio snd

ottawa, Ontario. The crew consisted of Captein R. D. Smack,
pilot in command; Captain A. C. Adamson, flrst officer; and
Stewardesses Rita aAnn Tobin and Sheila Martha Thomsor. Gaptain
Smuck occupied the right séat in the coekpit and was rerforping
a route competency check of Captain Adamson. Barlier that day
the aireraft had operatsd as Flight 303 from Montreal to Chicage
without event exeept fer a reported radio lrragularity which

was corrected at Toronio.

1/ Times herein are eastersn standerd and besed on the 24~hour
clocke.



Flight 304 departed Chicago on en IFR flight plan at
1304 and c¢limbed to its cruising altitude of 19,000 feet, in
ascordance with its ATC elearance. Gross weight of the alx-~
craft at takeoff was 54,179 pounda, 3,221 pounds below the
allowable, and the losd was properly dlstributed.

At approximately 1345 in the vieinity of Flat Roek,
Michigan, powerplant difficulty developed. During an emer-
genny descent the No, 4 propeller broke lcose and one blade
passed through the fuselage, killing one person and injuring
gseveral others. The flight continved to Windaor, Ontario,
vhere an emergency landing wag made without further damage to
the alreraft or injury to its cccuparts. Not until after
landing did the pllots learn that a propeller blade had passed
through the fuselage.

Investigation

Aocording to the pilots the flight was routine until ap-
proximately 1345, at which time they noted a momentary drop
in r. p. m. of No. 4 engine, 200 to 300 below the normal cruise
. Po Bs of 13,600. Engine r. p. m. returned to and remained
normal £or sbout five minutes, then No. 4 engine r. p. m. was

cbserved to incresse rapidly to sapproximately 13,900 or 14,000,
Shortly thereafter and concurrently with ettemptling to feather

ths propeller, the overspeed incereassd approcceiebly and feather-

ipg ettempts, using both the manual and automatic systems, were

rnsuecsssful ,
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During and followlng attempts to feather, the airspeed
decreased, as 41d the sound of the No. 4 engine overspeed.
The ¢rew increased power on the remaining three engines and
¥1th the resultant Iinerease in a2irspeed, the sound of No. 4
engine indicated its r. p. n. was rising. Because of this
development an emergeoney was declared at cpproximetely 1351
end eclearance to descend was obtained frem the Treffie Con-
trol Center at Detroit., Power vas reduced on Nes. 1, 2, and
3 engines, then 2n emergency descent was started and was con-—-
tinued at nearly maximum alrspsed. At scme time during this
phase of the descent the ¢rew depressurized the cabin,

At approximately 1353, at an altitude of about 9,000 feet,
the No. 4 propeller broke loose and all four blades separated
from the hub. One of the blades struck No. 3 eagins, then
passed through the passenger-occupied portion of the fuselage,
Descent was continued to about 3,000 feet, where power was
again epplied to Nos. 1, 2, end 3 enginea, The r. p. m. of
No. 3 engine did not go above 11,500 and the fire waraing came
on. Although no fire was observed, the engine fire procedure,

which includes feathering of the propeller, was successfully

acconplished.
Examnination of the elreraft at Windsor revealed that tha

propeller and the front part of the No. 4 engine forward of
the propeller reduction geer layshafts had broken away in

f11ght. All of these parts were recovered in the vicinity of

Flat Rock, Michigan,
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The path of one propellsr blade passed completely through
the oil cooler of Wo. 3 engine and the forward portion of the
passenger cablin. Mejor cabin demage occurred in the area of
the two most forward rows of seats. A small piece of pro-
peller blade thet matched with the No. 2 blade was recovered
from the cabin. The remaining propeller blades were found to
be intact,

The No. 4 engine r, p. m. Indicating system and propeller
feathering system up to the point of separation of the nose
ecase were checked and both functioned satisfactorily. Sub-
sequent checks at Winnipeg of the individual components which
make up these systems showed them to be satisfactory.

The No. 4 engine revealed evidence of oll starvation

throughout., Investlgetion disclosed thaet the driven bevel

/
gear of the bevel bhox driveg'

had suffered a fatigue failure
and rotation of the drive was completely disrupted, Labora-
tory study reveasled the fatipue failure started on the losad
plde of one tooth, Other than the fatigus fraeturs, this
tooth was relatively undamaged, wnereas the teeth that re-
mained iIn place on the gear exhibited gross damage.

There i3 no known history of failure of driven bevel gears
and u laboratory study showed no manufacturing or metallur-
gical defeects in thies oms, The bushing within whieh this

gear rotates had turned and worn panel material away wumiil iis

thrust face was 030" below the rachined surface of the panel

2/ The enginme fuel pump, propeller control unit, and oil
puap are driven by the bevel box drive.
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on whieh the bushing flange normally beds. Damsge resultlng
from the bushing turnlng in its panel presluded a» determina-
tjon of why the Lishing was inltialiy ellowed to spin. The
bushing flange was cracked. Displecement of the bushing re-
sulted in a partial disengagement of the driven and driving
bevel gears and thus altered the stresses lu these parts.

The teeth of the high-epesd pinion of the propeller re-
ducivlon gearing were stripped to the extent that the pro-
peller had become unecupled from the engine. Discoloraticn
from overheat was evident on the high-speed pinion and thrust
bearing, wlith some deterioratlon having ocecurred to this
latter part also,.

The forward edges of the teeth of the high-speed pinion
wore dlsplaced forward as the pinior progressively failed.
The propeller oill transfer housing, which is located Just
forward of the high-speed pinion, had a eireular groove cut
into its a2ft face. This groove mated with the deformed
pinion teeth whiech, by measurement, interfered with the pro-~
peller oil transfer housing, The circular groove waeg ol suf-
fielent depth to intersset the internal ofl passsges. Three
successive tests to determine the 0il pressure availsble for
feathering subseguent to the deseribed damage resulted in 300
P é. i., 250 p. 8. 1., and 215 p. 8. i.

The hub, with the propeller shaft, and the four pro-
peller blades fell in five separate units and were found
separately but In relatively close proxinmity to each other
where they had fallen from the aireraft, The blades had

pulled radielly out of the hub bores, as evidienced by the
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shear psttern on the threads of the hudb bore and on the blade
retention nuts. A1l blades were intact except the previously
reported tip portion of No., 2 whish was found ingide the fuse-
lage. No irregulariiies of the propoeller were evident except
for impact damage.

The propeller control unit wes functiorally tested, dis-
assembled, and examined. A4ll wes normal except that the pres-
sure switch setting was 345 p. 8. 1. The gpecified setting is
460 plus or minus 20 pe. 8. 1.

Weether conditlons in the area of the aceldent were re-
ported as celling estimated 3,500 feet, broken, 8,000 feet,
overcast; visibillity in excess of 15 miles; very light rain
shovers. The crew reported that although ceruise flight was
conducted above a cloud layer, breaks in the cloude parmitted
the entire descent to be made with visual reference to +the ground.
Anplysis

It wae not possible to determine whether the nmomentary
drop of 200 to 300 r+ p. n. in No, 4 engine had any con-
nection with events that follewed. The iInitial cverspeed
of No. 4 engline to 13,900 or 14,000 r. p. m. undoubtedly occ-
curred when the normally fixed bushing turned and failure of
the driven bevel gear followed to the extent that rotation of
the bevel box drive was complietely stopped, A4t this stage of
the engine difficulty the prepeller could have been feathersd.

The fuel puap, oil pump, and propeller control unit are

driven by the bevel box drive., Following fzllure of the
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driven bevel gear the engine was rotated with no pressure
ipbriecation by the windmilling action of the propeller while
the btlades were at the inflight fine piteh angle. Tt was
during this interval that the high-speed pinion progressively
failed and was deforned so ag to damage the propeller oil
tranasfer housing, with the result that feathering oil at the
required pressure could not be directed to the propeller;
finally, the propeller became decoupled from the engine., No
pther reason for fzilurs of the propeller to feather was re-
vealed by the investigetion, Actording to the crew the sec-
ond overspeed occurred just as the first atiempt was being
made to feather the propeller., At this time, however, damage
that precluded feathering had elready occurred

The matiter of an uncontrolled decoupled propeller such
as ocecurred 1n this instance had not been anticipated with
respect to Visccunt sircraft and was not treated in Vigcourt
training or manual meterial. However, the fact that the
sound of overspeed decreased with decreased sirspeed and in-
creased with an increasse in airspeed should have alerted the
erow to the necessity for maintaining a moderate airspeed
during the descent, Maintalning a low airspeed to reduce
r. p. me of an uncontrolled propeller has been for many
years the basic procadvre ipn use for reciprocating engine—
propeller combinasions and is widely known. Desplte this,
the captain orderesd that an emergency dessent be exe-

cutedq. The Board concludes +hat had a moderate airspeed
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been meintained, failure of the propeller as subsequently
heppened would not have ocecourred.

Blade retention fallure of the windmilling No. 4 pro-
peller occurred when the aireraft was at epproximately 9,000
feet altitude and et nearly the maximum permitted airspeed.
According to information from the propeller menufactursr,
baged on the celculated blade retontion strength end tests
of the propeller, failure of this nature would be expscted
under epproximately these circumstances. There were no in-

dicetions of faulty material or workmanship.

Fallure to obtain power from the Wo. 3 engline and the
subsequent fire warning after leveling off at the lower al-
titude were the direct result of damage inflicted by the No,
2 blade of the No. 4 propeller whum 1t became detached.
Findings

On the bagls of ail avallable evidence the Board finds
thats

1. The eireraft end both pillots were properly certi-
ficated for the f£iight involved.

2. The aircraft was loaded within allowable limits as
to the amount and distribution of welght.

3. Weether was not & factor in this aceident.

Ls The driven bevel gear bushing of the bevel box drive
turned and bzcame displaced.

5. The driven bevel gear of the bevel box drive then

failed from fatigue,
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6. Fallure of the bevel gear stopped rotation of the
fuel pump, o1l pump, and propeller controcl unit.

7. The engine, without pressure lubrication, was ro-
tated by the propeller untll the high-speed piniorn falled,
decoupling the propeller from the engine.

8, Failurse of the high~speed pinion so damaged the pro-
paller oll transfer housing that subsequent attempts to
festher were ineffective.

9. An emergency descent was executed at nearly maximum
alrspeed.

10, During this high-speed descent r, p. m. of the wind-
nilling propeller increased until loads Imposed excesded the

designed blade retention strength and the propeller failed.

Probabhle Cause
The Board determines that the probable cause of this

aceident was the inflight separation of the No. 4 propeller
as & result of excessive loads induced by a descent at too
high an airspeed while the propeller was windmilling de-

coupled from the engine and its r. p. m. was known to be

uncontrolled.

BY THE CIVIL aZiRON UTLCS BOARD-
/s/ J 338 R. DURFER

L1

/s/ CL.N GURNEY L

/s/  HaRMLR D. DENNY

/8/ G. cOSEPH VINATTT
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Investigation

Upon being notified of the aceident on July 9, 195¢, the
Civil Aeronautics Board communicated with the Departnent of
Transport of Canada and by mutual agreement between the Cana-
dien and United States governments a joint board of Inguiry
was convenad to Investigate the accldent 1n accordance with
the separate requirements of the respective countries.
4ir Carrier

Trans~Canada Air Yines is a Ganadlen company engaged in
scheduled air transportation in Canada and foreign countries,
with authorization to operate as a scheduled air carrier
over the route Involved. Headquariters of the company are
located In the International Aviatvlon Building, Dorchester

Street, Montreal, Quebec, Canada,

Flight Personnel

Captain R. D. Smuck, age 40, held a valid Airline Trans-
port Pilot License, No. AT 5106, issued by the Cznadian Govern-
ment. He had a total of 9,714:38 flight hours since employed

by TCA, of whiech 317:59 were in Viscounts, and was gqualif:ed

to oommand Viscount aircraft.

g Gaptain A, C, Ademson; &ze 34, held a valid Alrline Trans-

port Pilot Lieense, No. AT 111, issued by the Canadian Govern-—
ment. He had a tctal of 9,975:59 £flight hours since employed

by TCA, of which 218:26 were in Viscounts, and was gualified

4o command Viscount aircraft.



Mliee Rita Ann Tobin and Miss Sheila Martha Thomson were

employed by TCL as stewsrdesses on August 4, 1954, and May 235,
Both had received the usual training pro-

1955, respectively.
vided by TC4 for cabin atitendant personnel.

The Airocraft
Viscount aireraft CF-TGR, type 724, serial No. 55, vas

manufeotured by Vickers-Armstrongs (Aircreft) Ltd., Weybridge,

Surrey, England, and wes delivered to Trans-Canada Alr Llnes
Its certificate of alrworthiness, No. 4846,

on June 23, 1955.
was currently effective. The aircraft had been flown a total
It was powered by four Rolls Royce Dart 504

of 2,586 hours,
engines, equipped with Rotol R 139/4/20-4/17E propellers.
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